Objective We calculated age-and sex-dependent reference intervals for 10 variables on the basis of health examination data of 156,565 individuals in Shizuoka prefecture of Japan. We compared these reference intervals with age-and sexdependent reference intervals calculated from two other large scale studies across the country populations.
INTRODUCTION
The concept of reference interval was first proposed by Grasbeck and Saris in 1969 [1] and was adopted by the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) in 1989. 21 A guideline for the use of reference intervals (CA-28A) was later proposed by the National Committee for Clinical Laboratory Standards (NCCLS) [3] However, until the 1990s, inter-laboratory data differed widely, and joint utilization of laboratory data between laboratories was not possible. It became necessary for each laboratory to determine reference intervals based on its own reference population.
The concept of traceability in measurement systems was introduced in clinical laboratories in 2001. [4] In Japan, assay procedures for six enzymes, Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Lactate dehydrogenase (LD), Creatine kinase (CK), Alkaline phosphatase (ALP) and Gamma glutamyltranspepetidase (GGT), were recommended by the Japan Society of Clinical Chemistry (JSCC) during the period 1989 through 1990.[51-~10] Specifications for the practical use of standard materials in these enzyme assays were proposed by the same entity in 1997, [11] and these standard materials were supplied by the Japan Association of Clinical Reagents Industries (JACRI) beginning in 1998.
The proposed reference methods and the supply of standard materials aided remarkably in the establishment of a traceability chain in Japan, and quality control analysis of the six enzyme assays by the Japan Medical Association (JMA) in 2002 showed a favorable within 2% coefficient of variation, indicating a decrease in inter-hospital variations in laboratory data. Thus, it is now possible to use reference intervals in clinical laboratories determined by cooperation of different laboratories. On the basis of these results, Shibata et al. calculated, by a non-linear optimization method (NLO), ageand sex-dependent reference intervals in 5-year age-based increments from data obtained in 2004 representing approximately 750,000 reference individuals from 45 laboratories all around of Japan. [12] In addition, Suka et al. representing the Japan Association of Health Service (JAHS) established reference intervals and collected data from approximately 2.7 million individuals from metropolitan and branch offices in all prefectures of Japan. [13] They calculated age-and sexdependent reference intervals in 10-years age based increments from 730,000 non-smoking and non-drinking individuals based on the basis of the C-28A guideline.131, [13] We determined age-and sex-dependent reference intervals Pre-analytical condition: Well-established standard procedure for sample collection using Vacuteiner (Vacuum sampling system from Becton Dickinson Franklin Lakes NJ, USA) after a 12 hour fasting.
Inclusion criteria: The inclusion criteria for reference individuals were according to the guidelines for the Nordic Reference Interval Project 2000 (NORIP), [14] except that of smoking. We excluded individuals for whom the values of objective variables fell more than three SDs outside the mean values. Approximately 1 % of individuals were excluded from laboratory 1 (Social Insurance Sakuragaoka General Hospital) and fewer than 0.5% of individuals were excluded from laboratories 2 (Shizuoka Kosei General Hospitals) and laboratory 3 (Shizuoka branch of Japan Association of Health Service). Distribution of values of reference individuals for each laboratory was examined. We used Student's t-test for uric acid (UA), total cholesterol (TC), fasting blood sugar (FBS), total protein (TP) and albumin levels, and we used the Mann-Whitney's U-test for enzyme activities, such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities. No differences in distribution were Analytical quality control: Intra-and inter-variation for the three laboratories during one year periods including experimental periods were tested with the use of refrigerated commercially available pooled serum (QAP-trol, 1 QL-104 and 2QL 204, Sysmex Co. Ltd., Kobe, Japan.) The results are summarized in Table 1 . Intra laboratory coefficients of variation of three laboratories were less than 2.0% except AST and ALT. Those of AST and ALT were less than 3.5% in QAT trol 1QL 104 of low levels of control. The inter labora- Age-and sex-dependent reference intervals were calculated by the revised Hoffmann fitting method described by Usui and Kawai. [16] We used software provided by Sysmex Co. Ltd. of Kobe, Japan. In brief, we first calculated mean±SD values for the reference population and excluded data fell more than three SDs beyond the mean values. A histogram was then drawn. If the distribution was not normal, test data were transformed as log, square, third power, square root. The chi-square test was used to test for normal distribution. Data for which the chi square test yielded the smallest p values were used for the calculation. In our reference population, TC, TG, UA, creatinine, FBS fit normal distribution and six enzymes, AST, ALT, LD, CK, ALP and GGT fit log normal distribution. We used the mean± 1.96 SD as the upper and lower reference limits. We then excluded data that fell outside upper and lower limits. We repeated this process until significant differences between the upper and lower limits were not observed between x times and x+ 1 times. We used the values obtained in this manner as the final upper and lower limits of the reference intervals. For other statistical examination, such as Student's t-test, we used Stat's View 5.0 (SAS Institute, Inc., San Diego, CA, USA).
RESULTS

Intra-and inter-laboratory variations
Intra-and inter-laboratory variations for three Shizuoka laboratories are summarized in Table 1 . For all enzyme assays, the coefficients of variation were within 5% for intralaboratory data and within 4.45% for inter-laboratory data.
For other variables with the exception of creatinine, coefficients of variation were within 3.69% for intra-laboratory data and within 4.14% for inter-laboratory data.
Age-and sex-dependent reference limits
Age-dependent reference limits were calculated in 5-year increments from the age of 11 years to over 81 years. These values are summarized in Table 3 fasting blood sugar were quite similar to those obtained by Shibata et al. [12] and Suka et al. [13] Postmenopausal (older than fifty years old women) age-dependent increases in the reference intervals for TC were observed in all three studies ( Fig. 1(A) ). Sex-dependent differences in UA were also The Units of these three enzymes were expressed as Ull, not katal of SI. observed in all three studies ( Fig. 1(B) ). The upper reference limits for FBS was less than 6.8 mmolfL in all three studies ( Fig. 1(C) ).
Reference intervals for LD were not analyzed by Suka et al. [13] However, our age-and sex-dependent reference limits for LD and for albumin were quite similar to those obtained by Shibata et a1. [12] (data not shown).
As shown in Fig. 2 , the upper reference limits for AST ( Fig. 2(A) ), ALT ( Fig. 2(B) ) and G-GT (Fig. 2(C) ), were higher in all age groups in our study than in the Shibata's studies. Moreover, reference intervals of triglyceride showed same tendency for AST and ALT. The upper reference limits of Suka's data of AST, ALT, G-GT and triglyceride were highest in all three groups. (The data for triglyceride is not shown).
Reference intervals in serum ALP
As shown in Fig. 3 
Post menopausal increases of serum ALP activities
We found an age-dependent increase in ALP activity in women whose age were over than fifty years old. These data were similar to that found by Shibata et al. [12] In addition, the lower reference limits for young adalt women for ALP in both our study and the Shibata et al. study. [12] Age-dependent changes in ALP in individuals less than 20 years of age have been reported by many investigators. [20] , [21] However, the increase in ALP in postmenopausal women was first observed by Shibata et al. [12] and by us. The specific ALP isoenzyme expressed by postmenopausal women has not been clarified. Moreover, use of the same ALP reference limits for men and women less than 45 years of age will fail to account for hyperthyroidism which is frequently found in young women.
Comparison with other European countries
Comparison of reference intervals obtained in Japan with other European countries were performed with the data obtained from NORDIC countries. [22] Except of AST, ALT and G-GT, the reference intervals of Japanese were not so large differences with those obtained from Nordic groups.
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